This study was conducted to examine the effect of feeding concentrated rice-washing water (CRWW) on growth performance and lipid peroxidation levels in broiler chickens. CRWW (89.8% moisture) was dried at either a high (130℃) or low temperature (60℃). Three experimental diets were formulated as follows: 1) control diet; 2) diet containing 20% high-temperature dried CRWW (HT-CRWW); and 3) diet containing 20% low-temperature dried CRWW (LT-CRWW). Twenty-one chicks were divided into a control group and two treatment groups (seven chicks per group) at 15 days of age. The control group was fed the control diet, and the treatment groups were fed either an HT-CRWW or LT-CRWW-containing diet for 12 days. The growth performance (body weight, weight gain, feed intake, and feed efficiency) and the weight of the pectoral muscles were not different between treatment groups. Both HT-CRWW and LT-CRWW had a higher total polyphenol content and free radical scavenging activity than corn meal. Malondialdehyde (MDA) content, a marker of lipid peroxidation, was significantly lower in the skeletal muscle of chicks fed the HT-CRWW-containing diet compared with chicks fed the control diet; however, MDA content in chicks fed the LT-CRWW-containing diet did not differ from that of controls. CRWW has promise as a high-energy feed resource, and CRWW dried at high temperatures might affect lipid peroxidation in broiler chickens through higher antioxidant activity.
Introduction
Feed costs are a major part of the total cost of poultry production (Donohue and Cunningham, 2009) . Corn is the main energy source used in poultry rations. In the past decade, the price of corn and other grains has increased because of limited supply and increasing human and livestock needs (Donohue and Cunningham, 2009) . Therefore, it is important to explore cheaper dietary energy sources, which may provide alternatives to the use of corn in poultry production.
Food-processing by-products are a valuable source of protein and energy, and efficient use of these products is an important challenge facing society. A wide variety of food by-products have been used in poultry diets; these include fish waste (Hammoumi et al., 1998) , bakery waste (AlTulaihan et al., 2004) , tea waste (Murugesan et al., 2005) , and rice bran (Warren and Farrell, 1990; Chae et al., 2002; Gallinger et al., 2004) .
Wash-free rice, which is widely used in Japan, is a pretreated rice that is not necessary to wash before cooking. In the process of manufacturing wash-free rice by the super jiff rice method, wastewater containing rice bran is discharged as a by-product (concentrated rice-washing water, CRWW). CRWW is 89.8% moisture, 1.7% crude protein, 1.5% crude fat, 0.1% crude fiber, and 0.8% crude ash. It has been reported that CRWW contains sufficient nutrients to be an ingredient in swine feed (Tatsugawa et al., 2011) , and use of CRWW as feed reduces the environmental impact associated with the wastewater treatment and discharge of rice-washing water (Ogino et al., 2012) . However, there have been very few reports on the use of CRWW in poultry feed.
Plants containing high concentrations of antioxidants have substantial antioxidative activity (Deighton et al., 1993; Milos et al., 2000) and their intake reduces lipid peroxida-tion in chicken muscle (Zhang et al., 2009; Choi et al., 2010) . Rice bran contains high amounts of beneficial antioxidants, including tocopherols, tocotrienols, and oryzanols (Lloyd et al., 2000) . In the present study, we evaluated the α-tocopherol content, total polyphenol content, and free radical scavenging activity (FRSA) in CRWW. It was necessary to dry the CRWW because of its 89. 8% moisture content. Since drying temperature influences the antioxidant activity and stability of polyphenols (Larrauri et al., 1997) , CRWW that was dried at a high (130℃) temperature was compared with CRWW that was dried at a low temperature (60℃). We found higher total polyphenol content and FRSA in both high and low-temperature dried CRWW than corn meal. Therefore, we examined the effect of CRWW on growth performance and skeletal muscle lipid peroxidation in broiler chickens.
Materials and Methods

Preparation of CRWW
CRWW collected from a wash-free rice processing plant (Shokkyo Co., Ltd, Hiroshima, Japan) was dried at either a high (HT-CRWW) or low temperature (LT-CRWW). HT-CRWW was dried at 130℃ using conductive heating dryers (SCD2A, Nishimura Works Co., Ltd., Saga, Japan), and LT-CRWW was dried at 60℃ for 36 h using a convection oven (NDO-400, Tokyo Rikakikai Co., Ltd., Tokyo, Japan). The moisture content of HT-CRWW and LT-CRWW were determined by air oven moisture content determination methods, and the protein content of the CRWW was determined by the dry combustion method using an NC analyzer (JM1000CN, J-Science Lab Co., Ltd, Kyoto, Japan).
Determination of α-tocopherol Content
The α-tocopherol content of corn meal, HT-CRWW, and LT-CRWW was determined by Shimadzu HPLC model LC6A with Shim-Pack CLC-ODS column (6.0×150 mm) according to the method described by Faustman et al. (1989) . Free Radical Scavenging Activity DPPH (1,1-Diphenyl-2-picrylhydrazyl) radical scavenging method was carried out to evaluate free radical scavenging activity of corn, HT-CRWW, and LT-CRWW according to the method described by Nara et al. (2009) . In brief, 2 g of each ingredient was homogenized 10 times with 80% ethanol (20 mL) at room temperature for 10 minutes, and the homogenate was filtrated. Then 50 μL of each ingredient extract in ethanol was mixed with 50 μL of 0.2 M 2-(N-Morpholino) ethanesulfonic acid buffer, 50 μL of ethanol, 50 μL of 1.2 M DPPH. After incubation for 20 minutes at room temperature, absorption measurements were taken at 517 nm. Trolox was used as a control standard, and data are expressed as mmol of trolox equivalent/ g ingredient.
Determination of Total Polyphenol Content
Folin-Ciocalteu method was carried out to evaluate total polyphenol content in CRWW according to the method described by Anesini et al. (2008) . In brief, 0.4 g of each ingredient (corn, HT-CRWW, and LT-CRWW) was homogenized 5 times with 80% ethanol (2 mL) at room temperature for 10 minutes, and the homogenate was centrifuged. Then, 100 μL of supernatants of each ingredient extract or gallic acid standard solution were mixed with 100 μL of 10 % sodium carbonate, 50 μL of Folin-Ciocalteu reagent, and 750 μL of distilled water. After incubation for 60 minutes at room temperature, absorption measurements were taken at 700 nm.
Experimental Diet
Three experimental diets were formulated as follows: 1) control diet; 2) diet containing 20% HT-CRWW; and 3) diet containing 20% LT-CRWW. Each diet was designed to satisfy the requirements detailed in "The Japanese Feeding Standard for Chickens" (Agriculture, Forestry and Fisheries Research Council Secretariat, Ministry of Agriculture, Forestry and Fisheries of Japan, Tokyo, Japan). The crude protein content of each experimental diet was calculated using the actual values for HT-CRWW and LT-CRWW (Table1). Metabolized energy (ME) was estimated using the ME value for rice bran (2790 kcal/kg), because the ME of CRWW has not been described in "The Japanese Feeding Standard for Chickens". The ingredients and nutrient composition of the experimental diets are shown in Table 2 .
Animals and Experimental Design
This experiment was conducted in accordance with the guidelines of the Animal Care and Use Committee of Kagoshima University. One-day-old male broiler chicks (Chunky strain ROS308) were kindly provided by the Kajiki Kumiai Hina Center (Kagoshima, Japan), a local commercial hatchery. Chicks were housed in an electrically heated battery brooder and provided water and a commercial starter diet (23% crude protein and 3081 kcal/kg metabolizable energy; Nichiwa Sangyou Company, Kagoshima, Japan) ad libitum for 12 days. On day 12, birds of similar body weight were selected and individually housed in wire-bottomed aluminum cages (40×50×60 cm) in a temperature-controlled room at 25℃. All chicks were allowed free access to a semi-purified corn/soybean meal diet (the control diet described in Table 2 ) and water for the next 3 days. At the start of the experiment, the 15-day-old chicks in each pen were randomly allocated to receive one of the three experimental diets (seven birds per diet). Body weight and feed intake were measured to calculate feed efficiency. At the end of the experiment, all chicks were weighed and then killed by cervical dislocation under ether anesthesia. The pectoral muscles, abdominal fat, and livers were collected and weighed. The pectoral muscles were immediately frozen and stored at −30℃ until analysis.
Determination of Skeletal Muscle Malondialdehyde (MDA) Content
MDA is one of the most frequently used indicators of lipid peroxidation. To evaluate lipid peroxidation levels in skeletal muscle of chickens, MDA content was determined colorimetrically as a 2-thiobarbituric acid reactive substance (TBARS) according to the method described by Azad et al. (2010) . In brief, skeletal muscle was homogenized in 154 mM KCl, centrifuged at 700×g and supernatant was collected. Forty μL of the homogenate was mixed with 40 μL of 8.1% SDS, 300 μL of 20% acetic acid (pH 3.5), and 300 μL of 0.8% 2-thiobarbituric acid. After vortexing, samples were incubated at 95℃ for 1 hour and then transferred to ice. The samples were mixed by vortexing and centrifuged at 1,200 ×g for 10 min after adding 1 mL of butanol-pyridine 15:1 (v/v). Absorbance of the supernatant, consisting of the butanol-pyridine layer, was measured at 532 nm. The content of TBARS is expressed as the MDA equivalent.
Statistical Analysis
Differences between groups were tested using Tukey's multiple comparisons test. P values under 5% were considered to indicate statistical significance. All analyses were performed with a general liner model using SPSS Statistics 17.0 (Statistical Packages for the Social Sciences, released 23 August 2008). Table 1 shows the α-tocopherol content, total polyphenol content, and FRSA in corn meal, HT-CRWW, and LT-CRWW. According to standard feed composition tables in Japan (2009), the vitamin E content of rice bran (66 mg/kg) is 2.5 times higher than the vitamin E content of corn (26 mg/ kg). However, in this study the α-tocopherol content of both HT-and LT-CRWW was similar to that of corn meal. On the other hand, the FRSA of HT-and LT-CRWW were 3.5 times and 10.0 times higher than that of corn, respectively, suggesting that both HT-and LT-CRWW might contain high concentrations of antioxidants other than α-tocopherol and/or vitamin E. In this study, the total polyphenol content of HTand LT-CRWW was 1.3 times and 2.0 times higher than that of corn meal. It has been well demonstrated that the phenolic compounds contained in rice have high FRSA (Chi et al., 2007; Rattanachitthawat et al., 2010) ; Antioxidative phenols in rice bran include ferulic acid and its esterified derivatives, oryzanols (Kaneko and Tsuchiya, 1955; Cicero and Gaddi, 2001 CRWW might be due to phenolic compounds, such as oryzanols derived from the remaining aleurone layer on the surface of polished rice. Furthermore, since drying temperature influences the antioxidant activity and stability of polyphenols (Larrauri et al., 1997) , it is unsurprising that the FRSA and total polyphenol content of LT-CRWW is higher than that of HT-CRWW.
Results and Discussion
The animal experiment was conducted to examine the effect of CRWW on growth performance and skeletal muscle lipid peroxidation in broiler chickens. Body weight, weight gain, feed intake, and feed efficiency did not differ between treatment groups (Table 3 ). The weights of the pectoral muscles, abdominal fat, and livers were also unaffected by the different diets (Table 3) . These results suggest that CRWW might be a promising alternative to corn meal as a high-energy feed resource for poultry. However, although no statistical significance was observed, the body weight of chicks fed the LT-CRWW diet tended to be lower relative to that of chicks fed either the HT-CRWW or the control diet, suggesting that the LT-CRWW diet may be more difficult for the chicks to use. One possible explanation is a difference in gelatinization of the rice starch at the different drying temperatures. Gelatinization of starch may enhance nutrient use. It has been reported that heat-processed rice enhances diet digestibility and production performance in pigs (Vicente et al., 2008) . In chickens, the growth performance of broilers fed well-gelatinized corn was also improved compared with that of broilers fed non-gelatinized corn (Moritz et al., 2005) . Rice starch is a polymer of glucose, which is gelatinized at 65-77℃ (Biliaderis et al., 1986) . Therefore, the starch in HT-CRWW might be well gelatinized compared with that in LT-CRWW, with the result that the chicks fed the diet containing HT-CRWW may grow better than chicks fed the LT-CRWW containing diet. Figure 1 shows the effect of CRWW on the skeletal muscle MDA content of chicks. Chicks fed the HT-CRWW diet had significantly lower MDA in their skeletal muscle than chicks fed the control diet. This suggests that lipid peroxidation in the skeletal muscle of chicks fed the HT-CRWW diet is relatively lower than that of control chicks. However, although both the FRSA and the polyphenol content of the LT-CRWW diet were higher than in the other two diets, the skeletal muscle MDA content of chicks fed the LT-CRWW diet did not differ from that of chicks fed the control diet. The reason for this disagreement between FRSA and MDA content remains unknown. It may be that the chicks fed the LT-CRWW-containing diet have higher levels of oxidative stress, which could cancel out the effect of the higher antioxidant activity of LT-CRWW. In this study, the feed efficiency of chicks fed LT-CRWW was the lowest of the three groups. Bottje et al. (2002) reported that broilers with lower feed efficiency exhibited greater H 2 O 2 production, which is responsible for ROS production and/or oxidative stress, in both pectoral and leg muscles compared with broilers with higher feed efficiency. These results support the hypothesis that chicks fed the diet containing LT-CRWW might have had higher levels of oxidative stress. Further studies are needed to determine the influence of a diet containing LT-CRWW on oxidative stress levels.
In conclusion, HT-CRWW may be an alternative to corn as a source of energy in broiler diets, and it has an antioxidant effect on skeletal muscle lipid peroxidation because of its higher polyphenol content. 
